* P-value for K-W test. ANOVA, analysis of variance; BMI, body mass index; CI, confidence interval; K-W, Kruskal-Wallis; SD, standard deviation. a Agaram, Chennai, Chunampet, Illeedu, Pudupattu, Puthiram Kottai and Vanniyanallur. b Means were compared using one-way ANOVA or the K-W test when assumptions for ANOVA were not met.
Introduction
Over the last few decades, traditional societies in many developing countries have experienced rapid and unplanned urbanization, which has led to lifestyles characterized by unhealthy nutrition, reduced physical activity and tobacco consumption. 1 These unhealthy lifestyles are associated with common modifiable risk factors for chronic diseases such as hypertension, diabetes mellitus, dyslipidaemia and obesity. 2 It is expected that by 2020 in developing countries, noncommunicable diseases (NCDs) will account for 69% of all deaths, with cardiovascular diseases in the lead. 3 The prevalence of diabetes mellitus will almost double in the next 25 years and at least 75% of those affected will be in developing countries. The burden of disease will be worse in these countries, as the majority of sufferers are expected to be relatively young, of lower socioeconomic status and to suffer from severe disease of premature onset. 4 Using the dichotomous United Nations definition of urbanization (based on country specific definitions using one or more of population density, population size or administrative division) for more than 100 countries, Ezatti et al. 5 found that both body mass index (BMI) and blood cholesterol levels rose rapidly in tandem with increases in national income and level of urbanization. Work undertaken in Sri Lanka shows a greater increase in BMI and other risk factors for cardiovascular disease among urban dwellers than among their rural counterparts. 6 Timely interventions in those stages of development in which environmental conditions shift and common modifiable risk factors emerge may help prevent and control chronic disease. It is important to identify these crucial stages and to determine what elements of urbanization are linked to the emergence of risk factors. A greater understanding of these relationships may help us identify interventions that are most likely to be effective in preventing NCDs in countries undergoing rapid urbanization and improve our capacity to stem the rapid increase in NCDs. The objectives of this study were to: establish the feasibility of collecting a multi-component scale of urbanicity in Tamil Nadu, India; and, examine the relationships between urbanicity and chronic disease risk in Tamil Nadu, India.
Methods
The study was based on the working hypothesis that urbanicity, defined as the level of urbanization in a given locality, 7 is associated with risk factors for chronic disease. It was conducted in three steps: (i) constructing a measure of urbanicity using a validated scale 8 based on data from the Census of India 2001; (ii) calculating the prevalence of NCD risk factors in seven study areas in the state of Tamil Nadu, India, by using data from an NCD risk factor surveillance survey conducted locally in 2003-2004 as part of a larger study 9 ; and (iii) testing for an association between urbanicity and the prevalence of NCD risk factors in the study areas.
Setting
The urban arm of this study was set in Chennai (formerly Madras) and the rural arm was set in six settlements (Agaram, Une traduction en français de ce résumé figure à la fin de l'article. Al final del artículo se facilita una traducción al español.
‫املقالة.‬ ‫لهذه‬ ‫الكامل‬ ‫النص‬ ‫نهاية‬ ‫يف‬ ‫الخالصة‬ ‫لهذه‬ ‫العربية‬ ‫الرتجمة‬
Objective To investigate the poorly understood relationship between the process of urbanization and noncommunicable diseases (NCDs) through the application of a quantitative measure of urbanicity. Methods We constructed a measure of the urban environment for seven areas using a seven-item scale based on data from the Census of India 2001 to develop an "urbanicity" scale. The scale was used in conjunction with data collected from 3705 participants in the World Health Organization's 2003 STEPwise risk factor surveillance survey in Tamil Nadu, India, to analyse the relationship between the urban environment and major NCD risk factors. Linear and logistic regression models were constructed examining the relationship between urbanicity and chronic disease risk. Findings Among men, urbanicity was positively associated with smoking (odds ratio, OR: 3.54; 95% confidence interval, CI: 2.4-5.1), body mass index (OR: 7.32; 95% CI: 4.0-13.6), blood pressure (OR: 1.92; 95% CI: 1.4-2.7) and low physical activity (OR: 3.26; 95% CI: 2.5-4.3). Among women, urbanicity was positively associated with low physical activity (OR: 4.13; 95% CI: 3.0-5.7) and high body mass index (OR: 6.48; 95% CI: 4.6-9.2). In both sexes urbanicity was positively associated with the mean number of servings of fruit and vegetables consumed per day (P < 0.05). Conclusion Urbanicity is associated with the prevalence of several NCD risk factors in Tamil Nadu, India.
Level of urbanization and noncommunicable disease risk factors in Tamil Nadu, India 
Measuring urbanicity
An existing composite continuous measure of urbanicity previously used and validated for the Philippines by Dahly and Adair 8, 10 was identified through an earlier systematic review. 11 It comprised seven elements: population size, population density, access to markets, communications, transport, education and health services. We replicated it in its entirety for three items -population size, population density and education -and modified the remaining four elements to better suit the Indian context. We assigned a maximum of 10 points to each item of the adapted scale, with a resulting range from 0 (no urbanicity) to 70 (high urbanicity) points. The scale is shown in Appendix A (available at: http://www.co-ops.net.au/ File.axd?id=1a5a5f74-6be2-4dc4-9f2d-81319c0b8538).
We conducted validity testing on the scale and obtained a Cronbach's α reliability coefficient of 0.72. Urbanicity as measured by this scale appeared to be consistent with a pre-existing governmental definition of "urban" and "rural". Results from a full validity study are in preparation.
We took scale data from the 2001 Census of India, which had collected data on amenities in villages and towns throughout the country, including Tamil Nadu.
12 It provided data for each administrative area and considered Chennai to be a single administrative area. Data from the survey provided us with information on population size and density, education, health services and access to markets at each study location. As relevant data were collected by the amenities survey for rural, but not urban areas, we took communications and transport data from the relevant municipal authority.
Face validity for the scale was assessed using a photograph taken in the main street of each study location (Appendix B, available at: http://www.co-ops.net.au/ File.axd?id=22bb4a17-ca19-4cc5-87a0-e50ccee39d7b). After we quantified urbanicity, each location was classified into three urbanicity groups depending on its score: low (0 to < 24), medium (24 to < 46) and high (46-70). In this way, urbanicity was treated as an ordered categorical variable.
Prevalence of NCD risk factors
We took chronic disease risk factor data from the Indian NCD risk factor surveillance study carried out by the World Health Organization (WHO) and the Indian Council of Medical Research. 9 The survey used the validated WHO STEPwise approach to Surveillance questionnaire 13 and included information on tobacco use, diet (fruit and vegetable consumption), physical activity, weight and blood pressure. The questionnaire was pretested and modified to fit Indian conditions after pilot testing on a subpopulation in each centre. Data were also collected on the age, sex, level of education and occupation of each participant. The survey also collected address and postcode information from participants and this information was used to link area-level data from the urbanicity scale to individual risk factor data.
Biological and anthropological risk factors were assessed by measuring the height, weight and blood pressure of each participant. The BMI (kg/m 2 ) was calculated from the height and weight of each participant. Blood pressure was recorded in the right arm, in a sitting position, to the nearest 1 mmHg, using an electronic Omron blood pressure monitor. Two readings were taken 5 minutes apart and the mean of the two was taken as the blood pressure.
Study sample groups
For the WHO surveillance project, two samples were required: a rural sample of 2500 individuals and an urban sample of the same size. A 10% non-response rate was permitted.
For the urban component, two of the 155 wards in Chennai were randomly chosen using computer-generated numbers. Next, streets within the ward were randomly allocated using a computer programme and a house-to-house survey was conducted in each selected street until the urban sample of 2500 participants was achieved.
For the rural component, a purposive sample of 33 villages in Kancheepuram district was undertaken to recruit the 2500 rural participants. Of the 33 villages in the original WHO study, six villages and one small rural town (Chunampet) were selected for our study, representing, for us, 1321 possible rural participants. These villages were selected to provide heterogeneity in, and data for, the urbanicity scale.
Participants were eligible if they were aged 15-64 years and had resided in the household for at least 6 months at the time of survey. When more than one individual in the household fulfilled the criteria, lots were drawn to select one participant per home. If the selected household did not have an eligible individual, the next household was contacted. Data on 3705 participants (97%) from the sample population (3821) were obtained, comprising a response rate of 86% within the rural sample and 100% within the urban sample.
Participants were stratified by sex and 10-year age group from both urban and rural areas, with 250 participants in each stratum. Data were collected regardless of what day of the week it was. The study was undertaken based on the methods adapted from the WHO global STEPwise approach for NCD risk factor surveillance. 13 
Risk factor definition
Tobacco use was defined as reported current daily smoking of tobacco; low fruit and vegetable consumption as < 5 servings of fruit and vegetables per day; low physical activity as < 150 minutes of moderate physical activity per week, high BMI as a BMI ≥ 25 kg/m 2 ; and high blood pressure as a systolic blood pressure ≥ 140 mmHg and/or a diastolic blood pressure ≥ 90 mmHg.
Potential confounders and effect modifiers
Preliminary analysis identified clear differences in risk factor prevalence between men and women, so subsequent analysis was stratified by gender. Age is a well-established potential confounder in chronic disease studies, and crude gender-specific models were subsequently adjusted for age.
Outcome variables
Following WHO guidelines, we calculated risk factor prevalence for each outcome within each study area. In addition, we calculated the mean number of servings of fruit and vegetables per day (based on the WHO STEPwise approach), mean time (minutes) spent in physical activity per week, mean BMI, mean systolic blood pressure and mean diastolic blood pressure. 13 
Statistical methods
Initial analysis produced descriptive statistics for each group. For continuous exposure data of normal distribution, a one way analysis of variance (ANOVA) test was used to analyse the relationship between outcome variables from each of the urbanicity groups. A Kruskal-Wallis one-way ANOVA test was used for continuous exposure data not normally distributed. Normality was assessed by reviewing histograms and normal probability-probability plots of the data. A Mantel-Haenszel χ 2 test and regression analyses were used to estimate the effect of urbanicity controlled for potential confounders and to assess for effect modification. Linear (in the case of continuous outcome variables) and logistic (in the case of binary outcome variables) regression methods were used to explore differences between the groups, with adjustment for confounding variables. Data assumptions related to linear regression methods were checked. All statistical analyses were performed using STATA, version 10.0 (StataCorp LP, College Station, TX, USA).
Results

Urbanicity scores
Urbanicity scores ranged from 14 to 68. Table 1 shows the grouping of the seven study sites into three levels of urbanicity. Only Chennai had a high population density. Most areas had access to various modes of communication and transport. Education was evenly distributed and most localities had poor access to health services.
Demographic characteristics
For age, each group had a similar mean (38.5-39.4 years), standard deviation (14.2-14.9 years) and range (15-64 years) ( Table 2 ). The educational status of the groups increased with increasing urbanicity: 47.6% of those in the low urbanicity group had some schooling compared with 62.0% in the medium urbanicity group and 82.0% in the high urbanicity group. There were also differences in the work status of the groups. There were a higher proportion of homemakers (those whose daily work typically involves unpaid duties within the home) and people in professional or skilled working categories in the most urban areas when compared with the least urban areas. The proportion of unskilled and landless labourers was lower in the most urban areas when compared to the least urban areas.
Urbanicity and risk factors Smoking
There was an association between smoking prevalence and urbanicity for men but not for women (Table 3) . Men in the high urbanicity group were three and a half times more likely to smoke daily than those in the low urbanicity group (Table 4 ). This trend remained significant after adjustment for age (P < 0.05). Only two women in the survey smoked daily and there was no association between female smoking prevalence and urbanicity (Table 4) .
Low physical activity
For both men and women, urbanicity was negatively associated with physical activity, although the latter was low even in the least urbanized group. The odds of being physically inactive increased with urbanicity among both men and women, with urban men three times and urban women four times more likely to Research be inactive than men and women in the low urbanicity group. This relationship remained consistent in both sexes after age adjustment (Table 4) .
Low fruit and vegetable consumption
Only two participants in the survey consumed at least five portions of fruit and vegetables daily, on average. We found no significant difference in the prevalence of low fruit and vegetable consumption across urbanicity groups, either for men or for women. However, we did find a positive association (P < 0.05) between urbanicity and the mean number of portions of fruit and vegetables consumed per day by both men and women, before (Table 4 ) and after age adjustment ( 
High body mass index
The prevalence of high BMI was greater among both males and females in the high urbanicity group (Table 3 ).The odds of having a high BMI were seven times higher among men and more than six times higher among women in the most urbanized group compared with the least urbanized. The OR remained significant in the age-adjusted models, although a slight reduction was noted among men and a slight increase among women.
Mean BMI was positively associated with urbanicity among both men and women ( Table 5 ). The BMI of men and women living in the most urbanized areas was an average of 2.7 kg/m 2 and 4.1 kg/m 2 higher, respectively, than that of their counterparts in the low urbanicity group. These findings remained consistent after adjustment for age.
High blood pressure
The prevalence of high blood pressure was associated with urbanicity in men but not in women (Table 3) . Men in the most urban group were almost twice as likely to have high blood pressure as those in the low urbanicity group (Table 4) . No association was found among women, and the results for both sexes remained consistent after adjustment for age. Urbanicity was positively associated with diastolic blood pressure in both males and females (Table 5 ). Among men, urbanicity group was positively associated with blood pressure, even after adjusting for age (Fig. 1) .
Discussion
The hypothesis that a relationship exists between urbanicity and NCD risk factors has been supported by the findings of this study. Among men, urbanicity was positively associated with smoking, BMI, blood pressure and low physical activity; among women, urbanicity was associated with low physical activity and BMI.
The 2003 NCD risk factor study was carried out by WHO and the Indian Council for Medical Research using a validated WHO survey instrument. Aspects of the measure relied on self-reported behaviour and were therefore susceptible to social desirability bias as well as other biases. The collection of biometric and anthropometric data provides more objective measures of NCD risk. We observed similar directions in the association between urbanicity and self-reported risk behaviours and urbanicity and anthropometric measures. More detailed risk factor information should be collected in future studies. Dietary information in the WHO STEPwise study was limited to fruit and vegetable consumption, whereas information on fat, oil, sugar and processed food consumption would provide greater information on overall diet.
The external validity of the study may be affected by the small number of wards surveyed in Chennai and the purposive sampling of a small number of villages in Kancheepuram district. It is difficult to say with certainty that these areas are representative of all areas in Tamil Nadu with similar levels of urbanicity. While we established cross-sectional associations with this measure of urbanicity and chronic disease, we cannot provide evidence of a temporal relationship between living in an urban area and acquiring risk factors for NCD. Some items included in the scale demonstrated possible "floor" and "ceiling" effects, with responses grouped at the top or bottom of the scale (notably population density and access to health services). The similarity in values for these items suggests that they provide little discriminatory ability. This observation needs further examination across different contexts to understand whether these findings are specific to this sample of Tamil Nadu, India, or whether they would be observed in studies in other settings.
Data from a range of countries have shown differences in health in urban and rural areas. [14] [15] [16] [17] Several studies in India have demonstrated a higher prevalence of NCD risk factors in urban than in rural areas. [18] [19] [20] [21] [22] Epidemiological studies have shown that in rural adults, the prevalence of coronary heart disease is lower (3-5%) than in urban adults (7-10%). 23 However, this relationship is not straightforward and there is no universally accepted definition of urban, urbanization or urbanicity and therefore no definitive measure. This study has demonstrated that it is possible to construct and apply a quantitative measure of the urban environment which allows for a more refined examination of the relationship between urbanicity and risk factors for NCD. It identified significant variation in the urbanicity of areas classified as rural by the Census of India. These differences in urbanicity are associated with an increase in prevalence of several common modifiable risk factors for NCDs. We applied an adaptation of a recently used scale 7 that had certain omissions (including access to water, sanitation facilities, electricity, housing construction, income, etc.). Further work is also needed to understand the implications of scaling different elements of the urbanizing environment to develop an exposure measure for NCDs. Ranking according to population size and density has some inherent logic, although this is less true for items reflecting access to transport and communication. Further development is required to understand the relative contribution of each scale element for chronic disease risk, develop weights where appropriate, and include other items that may be relevant, including access to mobile telephones, television and the internet. ■
Resumen
Nivel de urbanización y factores de riesgo de enfermedades no transmisibles en Tamil Nadu, India
Objetivo Investigar la mal entendida relación entre el proceso de urbanización y las enfermedades no transmisibles (ENT) aplicando una medida cuantitativa del grado de urbanización. Métodos Hemos desarrollado un indicador del medio ambiente urbano en siete zonas usando una escala de siete puntos a partir de datos del Censo de la India de 2001 para establecer una escala de "urbanicidad". La escala fue utilizada junto con datos referentes a 3705 personas que participaron en la encuesta STEPwise de vigilancia de factores de riesgo llevada a cabo en 2003 por la Organización Mundial de la Salud en Tamil Nadu, India, a fin de analizar la relación entre el entorno urbano y los principales factores de riesgo de ENT. Se construyeron modelos lineales y de regresión logística para estudiar la relación entre urbanicidad y riesgo de enfermedades crónicas.
Resultados Entre los hombres, la urbanicidad se asoció positivamente al tabaquismo (razón de posibilidades, OR: 3,54, intervalo de confianza del 95%: 2,4-5,1), el índice de masa corporal (OR: 7,32, IC95%: 4,0-13,6), la tensión arterial (OR: 1,92, IC95%: 1,4-2,7) y una baja actividad física (OR: 3,26, IC95%: 2,5-4,3). Entre las mujeres, la urbanicidad se asoció positivamente a una baja actividad física (OR: 4,13, IC95%: 3,0-5,7) y un índice de masa corporal elevado (OR: 6,48, IC95%: 4,6-9,2). En ambos sexos, la urbanicidad se asoció positivamente al número medio de porciones de fruta y verduras consumidas al día (P < 0,05). Conclusión La urbanicidad está asociada a la prevalencia de varios factores de riesgo de ENT en Tamil Nadu, India. 
